The concentration of the elements K, Ca, Mg, Na, Sr, Al, As, Ba, Br, Ce, Cr, Fe, Nb, Rb, Se, Sm, V, Zn, Co, Cs, U, Sb, Sc, Th, Eu and Hf in groundwater samples from the eastern phosphate and the southern volcanic area of Syria were investigated using INAA (instrumental neutron activation analysis) and γ-spectroscopy. The concentrations of first and second group elements are higher in the phosphate area than in the volcanic area. The concentrations of Fe, Co, Cr, Sc, Eu and Sm are high in some samples from the southern volcanic area. This can be explained by the occurrence of these elements in surrounding rocks and the solubility of their compounds. The results are compared with drinking water limits from different countries.
Introduction
Groundwater studies can provide useful information about geochemical processes in nature such as information about element migration, factors that affect element mobility, and geochemical conditions of water-rock systems in which they migrate (Reimann and de Caritat 1998; Gascoyne 1987; Smeille and Rosholt 1984) . In addition, groundwater is used as drinking water, which creates health implications.
Different techniques have been used for determination of element concentrations in environmental samples; total reflection X-ray fluorescence spectrometry (TXRF) (Quevauviller et al. 1998; Bakarji and Karajo 1999) , differential pulse anodic stripping voltametry (DPASV) (Quevauviller et al. 1998 ) , inductively coupled plasma mass spectrometry (ICP-MS) (Frengstad et al. 2000; Leiterer and Muench 1994) , high resolution inductively coupled plasma mass spectrometry (HR-ICP-MS) (Quevauviller et al. 1998) , ion chromatography (IC) (Quevauviller et al. 1998) , atomic absorption spectrometry (AAS) (Vertacnik and Biscan 1993) , spectrophotometry (SPEC) (Quevauviller et al. 1998) , neutron activation analysis with radiochemical separation (RNAA) (Quevauviller et al. 1998; Vertacnik and Biscan 1993) , and the instrumental neutron activation analysis (INAA) (Quevauviller et al. 1998; Vertacnik and Biscan 1993) .
Some advantages of the instrumental neutron activation analysis are that it is a multi-element analysis, the sample amount can be very small, the detection limit is very low, and there is no need for any sample treatment in many cases. It has the disadvantage that it requires access to a nuclear reactor.
The aim of this work is to determine element concentration in groundwater of the eastern phosphate and the southern volcanic area of Syria. Most of the investigated boreholes were drilled in the last few years, and have not previously been sampled. The results were compared with international drinking water norms, because the springs and wells are used for irrigation and potable water. Knowledge of element concentrations in this area is very helpful for other studies on distribution of elements between the two phase systems of groundwater and surrounding rocks . This is especially valuable because this area is proposed as a site for radioactive waste disposal (Abaas et al. 1995) .
Experimental
Groundwater samples were collected from wells and springs that are used for irrigation and potable water from two different areas of Syria. Figure 1 shows the position of the areas on the map of Syria. Samples 1 to 12 were collected from wells and springs in the southern volcanic area of Al-Souidaa County (about 200 km 2 ). Samples of the eastern area (samples 13-20) were collected from wells in the region of about 100 km 2 around the AL-Sharquieh phosphate mine. Table 1 gives a description of the collected samples. The samples were collected in polyethylene bottles, which had been washed successively with distilled water, diluted nitric acid, acetone, diluted acid and distilled water before taking the samples. Two or three 5-litre samples were taken from each site, then HNO 3 was added to the samples. The samples were filtered 2 to 4 hours after collection, then evaporated at 40 to 60°C. have clearly demonstrated that filtration has very little effect on the quality of such samples. Even strongly lithophilic elements, such as rare elements, show a good correlation between filtered and unfiltered samples . However, the evaporation affects the concentration of arsenic, therefore, its results can not be taken into condersation. After evaporation, γ-spectroscopy was used for natural activity determination (Ge-Li-detector, 10% Eff., FWHM = 0.998 at 122 keV and 1.88 at 1332 keV, Canberra MCA 35 plus). Next, 0.5 g of the residue was irradiated in the Syrian MNSR-reactor for various time intervals, then counted with γ-spectroscopy (HPGe-detector, 25% Eff., FWHM = 0.99 at 122 keV and 1.8 at 1332 keV, connected to a PCAIII MCA). A multi-element standard reference material was irradiated simultaneously with the samples (IAEC 1984) . Anion concentrations were determined using HPLC.
Results and Discussion
The investigated elements in the samples can be divided into three groups. Group 1 contains elements with concentrations in the mg/L range; these are K, Ca, Mg, Na, Al and Sr. Group 2 contains elements with concentrations in the µg/L range; these are As, Ba, Br, Ce, Cr, U, Fe, Nb, Rb, Se, Sm, V and Zn; and group 3 contains elements with concentrations in the ng/L range, these are Co, Cs, Sb, Sc, Th, Eu and Hf. Table 2 shows mean values, standard deviations and ranges of element concentrations in the investigated samples in comparison with international limits. Except for one value for iron and one value for sodium, all concentrations were lower than international limits for drinking water (WHO 1993; Health Canada 1996) .
Element concentrations in groundwater are influenced by many factors: occurrence of the elements in the surrounding rocks, solubility of the compounds (Holleman and Wiberg 1985; Weast and Lide 1989) , redox conditions, pH, temperature, and migration processes and adsorption/ desorption reactions.
The pH of the samples was found to be near neutral (pH 6.2-7.7). Cowart and Osmond (1980) and Osmond and Cowart (1983) proposed a classification of waters based on two parameters, namely the uranium concentration and the 234 U/ 238 U activity ratio. High activity ratios (>2) can be due to a higher than normal ratio of leachable uranium in aquifer or amorphous uraninite, enhancing α-recoil. An activity ratio lower than 1 implies intense dissolution. Uranium concentration levels reflect both redox conditions and uranium concentrations in surrounding rocks. Under oxidizing conditions, uranium is very soluble as U(VI)-complexes, mainly carbonates. Under reducing conditions, uranium is present as insoluble U(IV)-oxides. A classification of waters according to this method ( Fig. 2) , depending on uranium concentration and 234 U/ 238 U activity ratio, shows that our samples are slightly oxidizing to slightly reducing (C U = 0.02-6.5 µg/L, 234 U/ 238 U activity ratio 0.5-2.5) . Table 3 shows the main anions in the investigated samples. It is noteworthy that the concentration of complexing anions (e.g., phosphate) is very low. Therefore, under these conditions (near neutral pH, normal oxidizing or reducing conditions and the absence of complexing anions), the occurrence of the elements in the surrounding rocks and the solubility of the compounds are the main determinants.
The concentration of the elements Sr, Ba, Cu, Cr, V, U, Th, Zn, Co and Sc in the eastern phosphate area of Syria was investigated (Fetter 1994) and the results are compared with their concentrations in water and with the solubility of the compounds (as minerals and not chemically synthesized) in the discussion of elements in the next section.
Main Elements
The concentrations of the main elements (Ca, Mg, Na, K, Sr, Al) (Fig.  3) are in the mg/L range. They are generally higher in the phosphate area than in the volcanic area, because the soil in this area is rich with minerals containing these elements in the form of phosphates, silicates and carbonates. This leads to high residue weights after evaporation of the samples from the eastern area (Table 1) . Calcium occurs in nature as carbon- ate, sulfate, silicate, phosphate (apatite and phosphorite) and fluoride. The solubility of its compounds (with exception of gypsum) is generally low, but the concentration of CaO in rocks of the phosphate area is about 50%. This explains its high value in the groundwater of this area (mean value 76.5 mg/L). The most soluble compound is calcium hydrogencarbonate (Weast and Lide 1989 (Asfahani and AbdulHadi 1999) . Radioactive strontium ( 90,89 Sr) originating from nuclear fission and nuclear weapon tests can be enriched in bone and cause cancers (Walther 1992) . Aluminum occurs in nature as mixed silicates together with sodium, calcium and potassium in the phosphate area, and with iron and magnesium in the volcanic area. It also occurs as oxide and hydroxide. Its compounds are insoluble in near-neutral pH water, and its occurrence in rocks of both areas explains its concentration in the groundwater. Our values are in the range of 30 to 170 µg/L in both areas.
Radioactive Elements
Uranium is a highly mobile element and it is soluble in water mainly in the oxidation state VI. Its concentration in the southern volcanic area is less than 1.20 µg/L. The highest observed value in the phosphate area is 6.7 µg/L. The uranium concentration in the phosphate itself is 36 to 168 ppm (Takriti and Abdul-Hadi 1998) . Naturally occurring uranium has a rather low specific radioactivity, and Milvy and Cothern (1990) regard the element's chemotoxicity as exceeding its radiotoxicity. Thorium exhibits a lithological and geological distribution similar to uranium. In contrast to uranium, it is very insoluble under most redox and pH conditions. It was found in only 10 of 20 samples with median concentrations of 20.9 and 18.0 ng/L in the southern and eastern areas, respectively. Its concentration in the phosphate area rock is in the range of 1 to 5 ppm. No drinking water limits have been set for thorium and little is known about health effects in this concentration range (Milvy and Cothern 1990) .
Lanthanides
Cerium occurs in nature as bastnisite [(Ce,La,Dy)CO 3 F] and monazite [(Ce,Th)(P,Si)O 4 ]. The highest recorded concentration is 16.30 µg/L in sample 2 of the volcanic area. This sample was taken from a low flow spring on the top of a volcanic crater. It shows large differences compared to all other samples in the concentration of Ce, Nb, Al, As, Sm, Cr, Fe, Co, Cs and Sc. Samarium occurs in nature with other lanthanides in cerite and monazite, which leads to a correlation between it and cerium (Fig. 4) . Its highest observed concentration is 5.41 µg/L in sample 2, and it has no known health effects. Scandium occurs geologically mainly in association with yttrium as thortveitite [(Y,Sc)Si 2 O 7 ]. This compound is of low solubility in water. Europium occurs in nature with other lanthanides in cerite and monazite. The concentration of scandium in the phosphate rocks is 1.35 to 2.7 ppm (Asfahani and Abdul-Hadi 1999) . With the exception of sample 2, the highest concentrations for scandium, europium and hafnium were 15, 12.90 and 27.10 ng/L, respectively. There is a correlation between hafnium and europium in most samples. All five elements have no known health effects at these levels.
Transition Metals
Iron occurs in nature mainly as hematite (Fe 2 O 3 ), with chromium in magnetite [(Fe,Cr) (Fig. 5) . The concentration of cobalt in the phosphate rocks is 1.8 to 8.8 ppm (Asfahani and Abdul-Hadi 1999) ; its concentration in drinking water in Damascus is in the 0.5 to 2.6 µg/L range (Bakarji and Karajo 1999) . Chromium occurs in nature mainly as chromite (FeCr 2 O 4 ) and crokoite (PbCrO 4 ). Chromium(III) oxide (Cr 2 O 3 ) is insoluble in water, but chromium(VI) oxide (CrO 3 ) has a high solubility of 61.7 g/L. With the exception of sample 2 (51 µg/L), all other samples had concentrations less than 11.7 µg/L Cr. The concentration of chromium in the phosphate rocks is 104 to 178 ppm (Asfahani and Abdul-Hadi 1999) . Vanadium occurs in nature as VS 4 , and in association with apatite in phosphate as vanadinite and with uranium as carnotite. Its concentration in the eastern phosphate area, which contains uranium, is higher than in the volcanic area. The highest observed value is 40.70 µg/L. The concentration of vanadium in the phosphate area rocks is 71 to 125 ppm (Asfahani and Abdul-Hadi 1999) ; its mean value in groundwater of this area is 22.6 µg/L. Zinc occurs in nature as oxide, sulfide and carbonate, with solubilities of 0.0016, 0.0069 and 0.1 g/L, respectively. It also occurs in insoluble silicates. Its highest recorded value is 115 µg/L in the eastern area. The concentration of zinc in the phosphate rocks is 115 to 144 ppm (Asfahani and Abdul-Hadi 1999) . The median value in the southern area is 27.9 µg/L. Its concentration in the drinking water in Damascus is in the range of 23 to 380 µg/L (Bakarji and Karajo 1999) . 
Other Elements
Barium occurs geologically as barite (BaSO 4 ) and witherite (BaCO 3 ). The solubility of the sulfate is 0.002 g/L and that of the carbonate 0.02 g/L. The mean values are 9.75 and 51 µg/L in the southern and eastern areas, respectively (Fig. 6) . The concentration of barium in the phosphate rock is 117 to 522 ppm (Asfahani and Abdul-Hadi 1999) . Rubidium and cesium occur geologically in association with potassium and sodium, and they are soluble in water. Their concentrations were less than 6.8 µg/L and 74 ng/L, respectively, and they do not have any known health effects. Bromine occurs in nature in association with chlorine (in sodium chloride) and as insoluble AgBr. Our samples had generally low values with a maximum of 36.30 µg/L. Selenium occurs (Fig. 7) geologically in association with sulfide minerals (Fe, Cu, Zn, Ag, Au-S x ). All observed values were less than 2 µg/L. Longtime exposure to selenium can lead to its accumulation in hair and liver (Frengstad et al. 2000; Milvy and Cothern 1990) . Its concentration in Damascus drinking water is less than 0.16 µg/L (Bakarji and Karajo 1999) . Arsenic occurs geologically in association with sulfide minerals, some feldspars and apatite. It was found in four samples only with median concentrations of 1.37 and 0.78 µg/L in the southern and eastern areas, respectively. These values can only be used as an indication of its concentration, because the sample evaporation has a strong effect on the concentration of arsenic. Edmunds and Smedley (1996) document instances of chronic arsenic poisoning from groundwater in Taiwan, South America, India and Thailand, where skin disorders (including lesions and cancer) are the most typical symptoms . Antimony occurs in nature like arsenic as sulfide, oxide and metal antimonate. These compounds are of low solubility in water. The observed values were less than 120 ng/L. 
Conclusions
The concentrations of 25 elements were determined in groundwater samples from two areas of Syria. The concentration of all elements were below the maximal allowable values from different countries. Concentration of the main elements Ca, Mg, Na, K and Sr are higher in the phosphate area than in the volcanic area and the mean values of Fe, Al, Ce, Cr, Sm, Hf and Th are higher in the volcanic area. These findings reflect the occurrence of these elements in surrounding rocks and the solubility of their compounds.
